Abstract-This paper examines the impact of exchange rate volatility on the trade flows of the G-7 countries in the context of a multivariate error-correction model. The errorcorrection models do not show any sign of parameter instability. The results indicate that the exchange rate volatility has a significant negative impact on the volume of exports in each of the G-7 countries. Assuming market participants are risk averse, these results imply that exchange rate uncertainty causes them to reduce their activities, change prices, or shift sources of demand and supply in order to minimize their exposure to the effects of exchange rate volatility. This, in turn, can change the distribution of output across many sectors in these countries. It is quite possible that the surprisingly weak relationship between trade flows and exchange rate volatility reported in several previous studies are due to insufficient attention to the stochastic properties of the relevant time series.
I. Introduction
The high degree of volatility and uncertainty of exchange rate movements since the beginning of the generalized floating in 1973. have led policy makers and researchers to investigate the nature and extent of the impact of such movements on the volume of trade.1 However, these studies dealing with the effects of exchange rate volatility on trade flows have yielded mixed results. On one hand, a number of studies have argued that exchange rate volatility will impose costs on risk averse market participants who will generally respond by favoring domestic to foreign trade at the margin. The argument views traders as bearing undiversified exchange risk; if hedging is impossible or costly and traders are risk-averse, risk-adjusted expected profits from trade will fall when exchange risk increases. Akhtar and Hilton (1984) , Coes (1981) , Cushman (1983 Cushman ( , 1986 ), Kenen and Rodrik (1986) , Koray and Lastrapes (1989) , Thursby and Thursby (1987) provide evidence in support of this view. On the other hand, Franke (1992), Giovannini (1988) , and Sercu and Vanhulle (1992) have shown that trade benefits from exchange rate volatility or risk.2 According to these studies, trade can be considered as an option held by firms. Like any other option, such as, stocks, the value of trade can rise with volatility. Franke (1992) develops a model in which a firm evaluates the exit (entry) costs associated with leaving (entering) a foreign market against losses (profits) created by exports. Under a variety of behavioral assumptions, it is possible that any given firm will on average enter sooner and exit later when exchange rate volatility rises, thus increasing the average number of trading firms.3 Empirical evidence supporting this view is given in IMF (1984) and Asseery and Peel (1991) . Gotur (1985) and Bailey, Tavlas, and Ulan (1986), on the other hand, do not find conclusive evidence that exchange rate volatility have any significant effect on trade flows.
In summary, there is conflicting evidence in the literature about the relationship between exchange rate volatility and trade flows. No clear pattern of results or consistent conclusions emerge from these studies. This paper reexamines the impact of exchange rate volatility on the trade flows of the G-7 countries-Canada, France, Germany, Italy, Japan, the United Kingdom, and the United States-in the context of an errorcorrection model. The paper intends to shed additional light on a topic characterized by conflicting empirical evidences. This paper is different from previous papers in this area in several ways. First, most of the previous studies fail to recognize that real exports and some of its determinants, e.g., foreign real income or real world trade, are, potentially non-stationary integrated variables.4 This study focuses upon the appropriate representation of the nature of nonstationarities apparent in various time series across different countries. Second, there is much evidence that a lagged relationship may exist between the volume of exports and its various determinants. Standard trade models tend to ignore NOTES 701 the possibility of such a lagged relationship. This paper explicitly takes this possibility into account. It studies the long run relationship between exports and its various determinants and also considers the short-run dynamics by which exports converge on their equilibrium long-run values. Third, several different exchange rate volatility measures have been used in the literature, e.g., average of absolute changes, standard deviations, and deviations from trend. In contrast, this paper uses the standard deviation of the growth rate of the exchange rate to measure volatility. This measure captures the general movements in exchange rate volatility, and therefore exchange rate risk, over time. Finally, it employs a longer sample period than any of the previous studies in this area.
The variables and the data sources are given in section II. The estimation procedure and initial results are presented and discussed in section III while section IV reports the short-run dynamic results. The last section contains a summary and conclusions.
II. Variables and Data Source
Drawing upon the empirical literature in this area and the implications for dynamic specification of the possible existence of error-correcting mechanisms in the data generating process,5 a simple, standard longrun relationship between real exports, the level of real activity, competitiveness and exchange rate volatility is specified [Gotur (1985) , Asseery and Peel (1991)]: ln X, = So + 81lnY1 + 82InP, + 83V () where X, is real export volume, Y, is a measure of real foreign economic activity, P, represents relative price which is a measure of competitiveness, and V, is the measure of exchange rate volatility. Gotur (1985) has shown that equation (1) can be derived as a long run solution of behavioral demand and supply functions for exports. The reduced form approach used in this paper is consistent with much of the literature in this area.
The export variable is measured by the export volume index of each country. The data on export is taken from the International Financial Statistics Tape. Economic theory suggests that income in trading-partner countries is a major determinant of a nation's exports. For each of the seven countries considered in the paper, we construct a series defined as the weighted average of the GDP series of each country's ten most important trading partners.6 Quarterly GDP data for the major trading partners of the seven countries considered in this paper are available in the OECD Main Economic Indicators. The individual GDP series are converted to a common currency-US dollar-for aggregation purposes.
The second explanatory variable in the export equation measures competitiveness (P,), where P, is defined as the ratio of export prices of country i to those of its major trading partners. Hence for each country, the variable is constructed as the ratio of that country's dollar-denominated export unit value to the aggregate export unit value for its ten major trading partners. 12 The Johansen-procedure is preferred to Engle and Granger's (1987) regression-based technique because it fully captures the underlying times series properties of the data and provides estimates of all the cointegrating vectors that exist within a vector of variables. It clearly shows whether the system consists of a unique cointegrating vector or a linear combination of several cointegrating vectors. It has also been argued in the econometric literature that Johansen's technique is more discerning in its ability to reject a false null hypothesis (Ericsson (1991)). 13 Sawa (1978) has argued that the AIC criterion tends to choose models of higher order than the true model but states that the bias is negligible when k < T/10, as it is here. The maximum lag length considered in this paper is three. Considering a maximum lag length of more than three quarters would greatly reduce the degrees of freedom. For all countries, the error correction term, R t1, is statistically significant and has the expected negative sign. This coefficient gives a measure of the average speed at which export volume adjusts to a change in equilibrium conditions. The absolute values of the error correction terms indicate that the movement of real exports towards eliminating disequilibrium within a quarter varies from one country to another. For example, in Canada only about 28% of the adjustment occurs in one quarter while the figure is 60% for Germany. The coefficients on the foreign income (Y) and the relative price (P) variables in the ECMs show how the average speed of export adjustment may differ depending on whether the adjustment is in response to foreign income or relative price shocks. In almost all cases, the income coefficients are larger than the relative price coefficients, indicating a faster response of export volume to foreign income changes than to relative price changes. 16 Of particular interest is the finding that the estimated volatility measure is negative and statistically significant for each of the seven countries. The coefficients on the volatility terms are relatively high in all the countries except Italy and the United Kingdom. However, even in these two countries, the coefficients are statistically significant. These results can be generalized to argue that risk averse market participants react to exchange rate volatility by favoring domestic to foreign trade. This confirms earlier findings reported in Akhtar and Hilton (1984) and Kenen and Rodrik (1986) , while contradicts the results given in Gotur (1985) and Asseery and Peel (1991) . Second, once the non-stationary behavior of the variables are taken into account, the error-correction results indicate that exchange rate volatility has a significant negative impact on the volume of exports in each of the G-7 countries. If market participants are risk averse, these results imply that exchange rate uncertainty causes them to reduce their activities, change prices, or shift sources of demand and supply in order to minimize their exposure to the effects of exchange rate volatility. This, in turn, can change the distribution of output across many sectors in these countries. Finally, the Chow test results show the absence of parameter instability in the estimated models.
14 It should, however, be noted that since the ECM is treated as a univariate equation for exports, it entails a loss of efficiency compared to a systems approach (especially given the single equation pre-testing procedure).
15 Dropping statistically insignificant variables or lags from an estimating equation is quite common in economic literature. This provides a model which is parsimonious and easy to interpret. See, for example, Turnovsky and Wohar (1987), for a discussion on this issue. 16 Hickok, Hung, and Wulfekuhler (1991) report similar findings for the United States. This is also consistent with the results of standard trade models.
